A New Step Towards Solid Base Catalysis: Azidoproazaphosphatranes Immobilized in Nanopores of Mesoporous Silica by Raytchev, Pascal Dimitrov et al.
 
 
 
 
 
 
 
 
 
 
 
 
 
Supporting Information 
 
© Copyright Wiley-VCH Verlag GmbH & Co. KGaA, 69451 Weinheim, 2011 
 
 
 
  1 
A New Step Toward Solid Base Catalysis: Azidoproazaphosphatranes 
Immobilized in Nanopores of Mesoporous Silica  
 
Pascal Dimitrov Raytchev, Anissa Bendjeriou, Jean-Pierre Dutasta,∗ Alexandre Martinez,∗ 
Véronique Dufaud∗ 
 
Laboratoire de Chimie, UMR 5182 ENS/CNRS, Ecole Normale Supérieure de Lyon, 46 allée 
d’Italie, F-69364 Lyon Cedex 07, France 
Fax: 33 4 7272 88 60; e-mails: vdufaud@ens-lyon.fr, Alexandre.Martinez@ens-lyon.fr, Jean-
Pierre.Dutasta@ens-lyon.fr 
 
Supporting Information 
 
 
Schemes 
Scheme S1.  Synthetic sequence to proazaphosphatranes,1b-c page 2 
 
Tables 
Table S1.  Quantitative determination of loading by TGA/DTA page 3 
Table S2.  Quantitative determination of loading by elemental analysis page 3 
Table S3.  Comparing the results of the TGA and the microanalysis page 3 
 
Figures 
Figure S1.  Representative thermogravimetric weight loss curves and 
derivatives plots for 2a-c functionalized SBA-15 hybrid 
materials  page 4  
Figure S2.  CP MAS 29Si NMR of SBA-15  page 4 
Figure S3. 13C NMR of methyl azidophosphatrane 2a and CP-MAS 13C 
NMR of 2a functionalized SBA-15 hybrid materials  page 5 
Figure S4.  CP-MAS 13C NMR of neopentyl azidophosphatrane 
functionalized SBA-15, 2b@SBA-15  page 5 
Figure S5.  CP-MAS 13C NMR of methoxybenzyl azidophosphatrane 
functionalized SBA-15, 2c@SBA-15  page 6 
Figure S6.  31P NMR of methyl azidophosphatrane 2a and CP MAS 31P of 
2a modified SBA-15  page 6 
Figure S7.  31P NMR of neopentyl azidophosphatrane 2b and CP MAS 31P of 
2b modified SBA-15  page 7 
Figure S8.  31P NMR of methoxybenzyl azidophosphatrane 2c and CP MAS 
31P of 2c modified SBA-15  page 7 
  2 
Figure S9. Infrared spectrum of 2c  page 8 
Figure S10.  1H NMR spectrum (CDCl3) of the reaction mixture for the Diels-
Alder reaction of anthrone with NMM  page 8 
Figure S11.  1H NMR spectrum (CDCl3) of the reaction mixture for the Diels-
Alder reaction of anthrone with dimethyl fumarate  page 9 
Figure S12.  1H NMR spectrum (DMSO-d6) of the reaction mixture for the 
Diels-Alder reaction of 3-hydroxy-2-pyrone with NMM  page 9 
  3 
 
Scheme 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Scheme S1. Synthetic sequence to proazaphosphatranes,1b-c.[1, 2] 
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Tables 
 
Table S1. Quantitative determination of loading measured from TGA/DTA of the 
azidophosphatrane functionalized SBA-15 silica. 
 
 Temperature range 
Material 25 – 200°C 200 – 750°C 750 - 900°C 
2a@SBA-15 7.48 % 24.37 % 0.82 % 
2b@SBA-15 4.30 % 26.95 % 1.16 % 
2c@SBA-15 7.75 % 30.04 % 0.90 % 
Weight loss over the entered temperature range divided by residual silica weight (g/g as a 
percentage). 
 
 
Table S2. Quantitative determination of loading measured from elemental analysis for 
azidophosphatrane 2a-c functionalized silica materials. 
 
 Elemental analyses 
Material 
P  analysis 
(%wt) 
[organic loading] 
derived from P analysis 
mmol/g hybrida 
2a@SBA-15 2.03 0.65 
2b@SBA-15 1.1 0.35 
2c@SBA-15 1 0.31 
a  
chain) graftedin  phosphorus of(number P) of weight (atomic
%][
•
=
P
organic wt   
 
 
 
 
Table S3. Comparing the results of the TGA and the microanalysis with and without 
adjustment for sample humidity based on TGA dry weight. 
 
  TGA microanalysis only microanalysis 
corrected using 
TGA 
  mmol greffon  
per gram of residual 
silica 
mmol greffon per  
gram of humid, hybrid 
material 
mmol greffon  
per gram of 
residual silica 
2a@SBA-15 0.8 0,65 0.86 
2b@SBA-15 0.55 0,35 0.46 
2c@SBA-15 0.47 0,31 0.43 
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Figure S1. Representative thermogravimetric weight loss curves (top) and derivatives plots 
(bottom) for 2a-c functionalized SBA-15 hybrid materials. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S2. CP MAS 29Si NMR of SBA-15. * denotes for spinning side bands. 
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Figure S3. 13C NMR of methyl azidophosphatrane 2a and CP-MAS 13C NMR of 2a 
functionalized SBA-15 hybrid materials. * and ** denotes for solvent (respectively DMF and 
CDCl3).  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S4. CP-MAS 13C NMR of neopentyl azidophosphatrane functionalized SBA-15, 
2b@SBA-15. 
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Figure S5. CP-MAS 13C NMR of methoxybenzyl azidophosphatrane functionalized SBA-15, 
2c@SBA-15. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S6. 31P NMR of methyl azidophosphatrane 2a and CP MAS 31P of 2a modified 
SBA-15. 
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Figure S7. 31P NMR of neopentyl azidophosphatrane 2b and CP MAS 31P of 2b modified 
SBA-15. * denotes for spinning side bands. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure S8. 31P NMR of methoxybenzyl azidophosphatrane 2c and CP MAS 31P of 2c 
modified SBA-15. 
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Figure S9. Infrared spectrum of 2c. 
 
 
 
 
Figure S10. 1H NMR spectrum (CDCl3) of the reaction mixture for the Diels-Alder reaction 
of anthrone with NMM. 
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Figure S11. 1H NMR spectrum (CDCl3) of the reaction mixture for the Diels-Alder reaction 
of anthrone with dimethyl fumarate. 
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Figure S12. 1H NMR spectrum (DMSO-d6) of the reaction mixture for the Diels-Alder 
reaction of 3-hydroxy-2-pyrone with NMM. 
  11 
 
 
 
References 
 
[1] P. Dimitrov Raytchev, A. Martinez, H. Gornitzka, J.-P. Dutasta, J. Am. Chem. soc. 
2011, 133, 2157. 
[2] P. B. Kisanga, J. G. Verkade, Tetrahedron 2001, 53, 467. 
 
 
